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In an earlier paper in this journal ( Scharrer and Scharrer, 1944) it was shown 
that in vertebrates the stainable material produced hv the neurosecretory cells of 
the hypothalamus passes along the axons of these cells toward the hypophysis. 
Similar material elaborated by the neurosecretory cells of the pars intercerebralis in 
insects also “migrates” along nerve fibers toward an organ complex, namely the 
corpora cardiaca and allata, which corresponds in many ways to the hypophysis 
of the vertebrates. The concept of two analogous neuroendocrine systems in in¬ 
vertebrates and vertebrates, which was established on the basis of these observations, 
has proved fruitful. As to the intercerebralis-cardiacum-allatum system of the in¬ 
sects, Thomsen (1948) studied a possible relationship between the neurosecretory 
activity of the pars intercerebralis and the “gonadotropic" principle of the corpus 
allatum. The study showed a positive relationship in that extirpation of the pars 
intercerebralis in the fly, Calliphora crythroccphala , prevented the production or 
release of the gonad-stimuiating principle of the corpus allatum and resulted in the 
inability of the ovary to produce mature eggs. Also, the concept of an analogous 
hypothalamo-hypophyseal system in vertebrates has been extended further by 
Bargmann (EM-9), Bargmann and Hild (1949), Mild (1950), Ortmann (1950), 
Bargmann, Hild, Ortmann and Schiebler (1950) and Smith (1951). There is 
now convincing evidence, recently reviewed by Bargmann and Scharrer (1951), 
that the stainable material produced by the secreting nerve cells of the hypothalamus 
and passing along their axons to the neurohypophysis is related to the hormones 
which can be extracted from the pars nervosa of the pituitary gland. 

If this conclusion is correct, neither the corpus cardiacum of the insects nor the 
neurohypophysis of the vertebrates are endocrine organs in a strict sense, but serve 
principally as sites of storage of the products of neurosecretory cells in the brain. 

Questions arise as to whether (a ) the neurohypophysis and the corpus cardiacum 
are the only organs into which the secreting cells of the hypothalamus and the pars 
intercerebralis respectively discharge their products, and (b) neurosecretory centers 
other than those in the hypothalamus of the vertebrates and the pars intercerebralis 
of the insects are also connected with reservoirs which receive the products of 
neurosecretory activity by way of axons and store them for release according to need. 
Both problems are at present under investigation. Observations reported in this 
paper concern a relationship between the neurosecretory cells of the paraventricular 
nucleus and an organ other than the pars nervosa of the pituitary, namely the 
paraphysi.s, in the garter snake. 

1 Work done under a contract between the Office of Naval Research and the L niversity of 
Colorado. Project No. XR 112-335. Task Order 8. 
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Figures 1 to 7: Thamnophis sp., 5 micra sections; Gomori’s chrome alum hematoxylin 
phloxine; photomicrographs. 

Figure 1. Xucleus supraopticus. Secretory granules and droplets are stained deep blue. 
X 440. 

Figure 2. Cross section of stalk of pituitary with stainable material from neurosecretory 
cells in the hypothalamus. X 400. 

Figure 3. Longitudinal section through stalk of pituitary with stainable material from 
neurosecretory cells in the hypothalamus. X 400. 
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Materials a n d AI eti i ods 

The brains of garter snakes (Thainnopliis sp.) were fixed with Zenker-formol 
by immersion or perfusion through the heart. They were embedded in paraffin; 
sections of 5 micra thickness were stained with chrome alum hematoxylin phloxine 
as described by Gomori (1041 ). 

Observations 

In snakes, as in higher vertebrates, there are two nuclei in the hypothalamus 
whose cells show secretory activity: the nucleus supraopticus and the nucleus 
paraventricularis (Scharrer, 1933). The location of these nuclei in the garter 
snake is illustrated in Figure 8. 

The cells of the supraoptic and paraventricular nuclei are distinct in that they 
contain many fine granules and droplets of varying size. This material stains dark 
blue with Gomori’s chrome alum hematoxylin phloxine method (Fig. 1). The 
elaboration of this stainable material in granular form is characteristic of the secretory 
activity of these cells, not only in the snakes but in the homologous nuclei of lower as 
well as higher vertebrates. 

These granules, as in the case of other animals, are contained in the processes 
of the cells which can, therefore, be traced with great accuracy. It was shown in 
an earlier paper of this series ( Palay, 1945) that in fishes the axons provide a 
means by which the granules are removed from the neurosecretory cells. This 
“neurosecretory pathway” in snakes, as in other vertebrates, leads to the pars nervosa 
of the pituitary gland (Bargmann, Mild, Ortmann and Schiebler, 1950). That an 
actual transport takes place by a proximo-distal current of axoplasm was suggested 
by Drager (1950). He replaced the pituitary gland by fibrin foam in the tropical 
indigo snake ( S[>ilotcs corais) and found two to three weeks after the operation in 
the non-living implant granules of a stainable material similar to that elaborated 
by the neurosecretory cells. Histological observations in the garter snake indicate 
that the mechanism is the same as in the tropical indigo snake. The pituitary stalk 
of the garter snake contains large amounts of the stainable material (Figs. 3, 3) 
which is also found in the neurosecretory cells of the supraoptic and paraventricular 
nuclei. This material eventually accumulates in the pars nervosa ot the hy¬ 
pe iphysis. 

A small number of fibers which arise from cells in the anterior portion of the 
nucleus paraventricularis and run anteriorly and dorsally toward the commissura 
pallii posterior (lxappers, Huber and Crosby, 193b, p. 1347 ) and the paraphysis 
( Figs. 4, 5 ), constitute another, hitherto unknown, connection along which neuro¬ 
secretory granules may be traced. The stainable material accumulates in the com¬ 
missura pallii posterior in much the same way as in the pituitary stalk ( Figs. (>, 7) ; 
the amounts of the material vary from individual to individual (Figs. 5, 6). Fibers 
from the commissura pallii posterior carrying small blue-staining grannies can be 
traced into the paraphysis. No accumulation of the stainable substance seems to 
take place in the paraphysis; here the granules appear to lade out. 

Although the quantities of stainable material involved in the pathway from the 
paraventricular nucleus to the paraphysis are small by comparison with those seen 
in the hypothalamo-hypophyseal system, a similar principle seems to obtain in both 
cases. This similarity of the dorsal and ventral outlets for the secretory products of 


Figure 4. Sagittal section through diencephalon. 40. C., Coniniissura pallii posterior; 

E., Epiphysis; M., Midbrain; O., Optic chiasm; P., Paraphysis; PN., Paraventricular nucleus: 
S., Stalk of pituitary. 

Figure 5. Basiparallel section through the epithalamus. Mote the small amount of stain- 
able material in the coniniissura pallii posterior as compared with the large amount in the animal 
shown in Figures 6 and 7. X 180. C., Commissura pallii posterior; F., Forebrain; H., 

Habenular ganglion. 
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FKii'KK 0. Sagittal section through the* epithalamus. X 180. C., Commissura pallii 

posterior; P., Parapliysis. 

Fh.i’UF. 7. Accumulation of staiuable material in the Commissura pallii posterior in the 
same animal shown in Figures 4 and 0. X 1000. 
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Figure 8. Diagram of cross section through the diencephalon of Thamnophis sp. The 
irregularly spaced dots represent granules of stainable material which mark the axons of 
neurosecretory cells of the paraventricular and supraoptic nuclei. These granules pass from 
the neurosecretory cells by way of the axons to (a ) the neurohypophysis and (b) the commissura 
pallii posterior and the paraphysis. The arrows indicate the direction of flow. 
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the hypothalamus is diagrammatically illustrated in Figure 8. In both cases fine 
granules of the stainable material “migrate" along the processes of the neurosecretory 
cells, the larger part going in the direction of the pituitary, a smaller part in the 
direction of the paraphysis. In the pituitary stalk and in the commissura pallii 
posterior, the granules coalesce to form large masses of stainable material. In the 
pars nervosa of the pituitary and in the paraphysis, again we find delicate nerve 
libers with the characteristic headlike arrangement of small blue-staining granules. 

Discussion 

Tilnev (1938) enumerates 10 cerebral “glands," namely (1 ) the paraphysis, (2 ) 
the periphvsis, (3) the epiphysis, (4 ) the mesophysis, (5) the metaphysis, (6) the 
lateral chorioideal glands, (7) the mesial chorioideal gland, (8) the caudal chorio- 
ideal gland, (9) the hypophysis, and (10) the saccus vasculosus. Tilney’s outline 
is useful in that it calls attention to the fact that the pituitary is not the only, but 
one of several glands which are connected with the brain, llis summary may serve 
as a starting point for the exploration of this interesting and rather obscure held, 
but after some study it appears that the list of “glands" was drawn up rather 
schematically and requires revision in several respects. For instance, a large 
structure overlying the medulla oblongata in the ganoid fishes, which Tilnev calls 
the metaphysis, is not a gland at all, but myeloid tissue (Scharrer, 1944 ). Similarly, 
the inclusion of the saccus vasculosus of the teleost fishes among the “glands of the 
brain" seems questionable. The occurrence of the saccus vasculosus in deep sea 
fishes, together with its finer structure, innervation, and vascularization suggest that 
this organ may be concerned with the perception of pressure differences and the 
maintenance of intracranial pressure equilibrium in vertical movements (Dammer- 
mann, 1910; Scharrer, 1948). 

Even the criteria which are used in classifying the neurohypophysis as a “gland 
of the brain" are now under scrutiny. As was pointed out above there is evidence 
that the stainable material and the extractable hormones of the neurohypophysis are 
produced by secreting nerve cells in the diencephalon. According to this view the 
pars nervosa of the pituitary gland is a site of storage rather than of production 
of hormones and of microscopically visible material. 

A relationship between the hypothalamus and the paraphysis is here suggested 
which so far has been observed only in the genus of snakes used in this study, but 
which deserves further exploration in other groups of animals. In the garter 
snake this relationship looks like a mirror image of that which obtains between the 
hypothalamus and the hypophysis (Fig. 8). It is at present not clear whether the 
substances produced by the neurosecretory centers of the diencephalon are stored in 
their active form in the pars nervosa of the pituitary and the commissura pallii 
posterior, or whether they represent only antecedents necessary for the synthesis of 
hormones. It also remains undecided at present whether these structures, the 
pars nervosa and the commissura pallii posterior, together with the paraphysis, 
>erve no other purpose than to store and release the substances which they receive 
troni the neurosecretory cells or whether they themselves produce additional material. 

Sum m ary 

In snakes, as in other vertebrates, the neurosecretory cells of the supraoptic and 
paraventricular nuclei discharge their products by way of their axons into the pars 
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nervosa of the pituitary gland. In the garter snake (Thamnophis sp.) another, 
hitherto undescribed neurosecretory pathway exists: secretory granules can he 
traced along processes of cells of the paraventricular nuclei to the commissura pallii 
posterior and the paraphysis. The granules accumulate in the commissura pallii 
posterior in a manner similar to that observed in the stalk of the pituitary. 
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